Objective: Various definitions of impairment of renal function after coronary artery bypass grafting (CABG) are used in the literature. Depending on the definition, several risk factors are identified. We analysed our data to determine the risk factors for postoperative deterioration of the creatinine clearance of 10% or more. Methods: All patients undergoing isolated coronary surgery in a single centre between January 1998 and December 2007 are included. Clinical data, including demographics and renal risk factors, were prospectively collected in our database. The most recent preoperative serum creatinine level and the maximum serum creatinine level within the first week postoperatively were used to calculate the creatinine clearance. A deterioration of 10% or more was considered to be an endpoint for this study. Results: In 10 098 out of a total of 10 626 patients, the preoperative as well as the postoperative creatinine clearance could be calculated. In 1053 patients, the deterioration of the creatinine clearance was 10% or more. We could identify the following risk factors: advanced age, diabetes, chronic obstructive pulmonary disease, peripheral vascular disease, emergency operation, previous cardiac surgery, low preoperative haemoglobin level, high preoperative Creactive protein level, perioperative myocardial infarction, re-exploration and the number of blood transfusions. Conclusions: Risk factors for the deterioration of renal function after revascularisation have been confirmed in this study. In addition, we found peripheral vascular disease, previous cardiac surgery, low preoperative haemoglobin, increased preoperative C-reactive protein level, perioperative myocardial infarction and the number of blood transfusions to be risk factors that have not been described earlier. 
Introduction
Several risk factors for impairment of renal function after coronary artery bypass grafting (CABG) have been identified, of which female sex, age, diabetes mellitus, hypertension, preoperative creatinine clearance (CrCl) <50 ml min À1 , impaired left ventricular function, need for intra-aortic balloon pump (IABP) and re-exploration are most often mentioned [1] [2] [3] [4] . Several studies state that deterioration of renal function occurs more often after conventional coronary artery bypass operation with the use of extracorporeal circulation (ECC) than after off-pump coronary artery bypass (OPCAB) [5] [6] [7] [8] [9] although others could not confirm this statement [3, 4, 10] . In addition, the use of aprotinin during CABG has been identified as another important risk factor for impairment of renal function [11, 12] . Others could not support this finding [13, 14] . Various definitions of impairment of renal function after CABG are used in the literature. Some authors use postoperative serum creatinine levels [5, 6, 10] , some with a cut-off value of 1.5 mg dl À1 as an endpoint [6] , while others use CrCl as a postoperative marker for renal function, with a cut-off point of 50 ml min À1 as an endpoint [4] . Sometimes, the postoperative CrCl is compared with the preoperative value to indicate change in renal function [4, 15] . The Cockroft-Gault formula for CrCl [16] and the modification of diet in renal disease (MDRD) formula for estimated glomerular filtration rate (eGFR) [17] have been used to determine renal function. Recently, the deterioration of renal function has been described as a predictor of poor long-term survival [18] . We analysed our data to determine risk factors for the deterioration of CrCl after CABG, adding some variables which, to our knowledge, have not yet been described as such.
Materials and methods

Patients
In this retrospective study, we analysed the data of all patients undergoing isolated CABG with or without the use of ECC in a single centre (Catharina Hospital, Eindhoven, the Netherlands) between January 1998 and December 2007. Clinical data, including demographics and renal risk factors, were prospectively collected in our database. The study was approved by the local Medical Ethics Review Committee.
Operative techniques
In CABG surgery, all patients received short-acting anaesthetic drugs to facilitate early extubation. Normothermic ECC was performed using non-pulsatile flow. Cold crystalloid cardioplegia (St Thomas' solution) or warm blood cardioplegia was used to induce and maintain cardioplegic cardiac arrest, according to the surgeon's preference. All patients undergoing CABG received a low dose of aprotinin (2 million kallikrein inhibiting units) during ECC, administered to the prime solution. The anaesthetic management in OPCAB surgery was the same as in CABG surgery, but aprotinin was omitted.
Estimation of renal function
Creatinine clearance (CrCl) was determined using the Cockroft-Gault formula [15] , which is different for men: [(140 À age) Â weight/(serum Cr Â 72)] and women: [(140 À age) Â weight/(serum Cr Â 72)) Â 0.85]. The most recent preoperative serum creatinine level and the maximum serum creatinine within the first week postoperatively, or, if sooner, before discharge, were used to calculate the CrCl and the percentage change from the preoperative value. Patients with preoperative CrCl below 15 ml min À1 and those treated with dialysis were excluded from this study. A deterioration of 10% or more was considered to be an endpoint for this study.
Statistical analyses
Discrete variables were compared with the chi-square test and are presented as percentages. Continuous variables were compared with the Student's unpaired t-test and univariate logistic regression analyses were performed to investigate the impact of biomedical variables on renal function. If significant at p < 0.05, the variables were included into the multivariate logistic regression analyses for renal function. A p-value <0.05 was used for all tests to indicate statistical significance. Odds ratios (OR) with a confidence interval (CI) of 95% with p-values are reported. All statistical analyses were performed using SPPS version 15.0 (SPSS Inc., Chicago, IL, USA).
Results
Between January 1998 and December 2007, a total of 10 626 patients underwent isolated CABG surgery with or without ECC. Preoperative CrCl was not calculated in 432 patients due to emergency situation or missing records of patient's weight. Postoperative CrCl was not calculated in 277 patients due to mortality before renal function could be determined. Complete data were obtained in 10 098 patients. Mean preoperative CrCl was 74.5 AE 24.4 ml min À1 (range: 7-308) ( Fig. 1 ) and the mean postoperative CrCl was 79.2 AE 28.4 (Fig. 2) . Distribution of changes in CrCl is shown in Fig. 3 . Eighty patients required some form of renal replacement therapy (continuous haemofiltration or dialysis). Deterioration of the CrCl of 10% or more was found in 1053 patients.
Patients' preoperative and perioperative demographic and clinical characteristics stratified by the degree of deterioration of CrCl are presented in Table 1 . Patients with a deterioration of CrCl of more than 10% were older, more often had diabetes, a body mass index (BMI) of more than 35 kg m À2 , chronic obstructive pulmonary disease (COPD), hypertension, peripheral vascular disease (PVD), a left ventricular ejection fraction (EF) of less than 35%, an emergency operation, previous cardiac surgery and more preoperative myocardial infarctions. The preoperative haemoglobin (Hb) level as well as the preoperative CrCl was lower whereas the preoperative C-reactive protein (CRP) level was higher. Off-pump CABG was performed less often, whereas the duration of ECC was longer. Complications such as the need for intra-aortic balloon pump support, perioperative infarction and re-exploration for any cause were more frequent. The number of red blood cell (RBC) units transfused was higher.
Univariate analyses
Results of univariate logistic regression analyses to identify risk factors for deterioration in CrCl of 10% or more are shown in Table 2 .
Preoperative significant risk factors were: advanced age, diabetes, BMI >35 kg m À2 , COPD, hypertension, PVD, number of preoperative myocardial infarctions, EF <35%, emergency operation, previous cardiac surgery, lower preoperative Hb level, higher CRP and lower preoperative CrCl. On the other hand, sex, BMI of <20 kg m À2 and functional angina class (CCS) were not identified as risk factors. Significant peri-and postoperative risk factors were CABG versus OPCAB, duration of ECC, the need for IABP, perioperative myocardial infarction, re-exploration for any cause as well as the number of perioperative RBC unit transfusions. The type of cardioplegia and the number of grafts were not identified as risk factors.
Multivariate analyses
All statistically significant preoperative risk factors identified with univariate regression analyses were entered into a multivariate logistic regression analysis. Results of these analyses are shown in Table 3 .
Independent preoperative risk factors were advanced age, diabetes, PVD, emergency operation, previous cardiac surgery, lower Hb level, higher CRP level and lower preoperative CrCl. Peri-and postoperative risk factors were added to the multivariate model when identified to be significant using the univariate logistic regression analyses. The following factors were identified as independent risk factors ( Table 4) : advanced age, diabetes, COPD, PVD, emergency operations, previous cardiac surgery, lower preoperative Hb level, higher preoperative CRP level, perioperative myocardial infarction, re-exploration for any cause and the number of RBC unit transfusions.
Discussion
In this retrospective single-centre study of more than 10 000 patients, we found several independent risk factors for the deterioration of renal function after CABG. Some of them are in agreement with the previously reported findings whereas others are not. This might be explained by the different definitions of deterioration of renal function.
Definition of the study endpoint
The need for dialysis [14, 20] , a postoperative creatinine level of >2.1 mg dl À1 [19] or a postoperative CrCl less than 50 ml min À1 [4] are examples of study endpoints commonly used. However, in patients with preoperative impaired renal function, only a small extra damage is needed to reach the study endpoint. Patients with preoperative normal renal function may experience severe damage of the kidneys before they reach the study endpoint. Consequently, in all of these studies, the preoperative renal function, whether defined by the creatinine level or CrCl, has been identified as a risk factor for reaching the study endpoint. In studying renal impact factors, changes in renal function not reaching the previously described endpoints might be important as well.
Creatinine clearance (CrCl) calculated by the CockroftGault formula has been described as a better indicator for renal function than serum creatinine level in patients undergoing CABG [21] . Therefore, we defined renal impairment as a 10% or more deterioration of the preoperative CrCl. Thus, we were able to describe risk factors for minor changes in renal function. Even minor deterioration of renal function in patients with already impaired renal function might lead to clinical problems [18] . The clinical significance of the 10% deterioration in renal function is possibly only obvious in patients with preoperative renal impairment. Furthermore, it seems reasonable to assume that the same risk factors may also play a role in more pronounced deterioration of renal function. 
Risk factors
In agreement with others, we found several independent preoperative risk factors: age used as a continuous variable [4, 15, 19, 20] , diabetes [15, 20] , COPD [20] , emergency operations [20] and re-exploration for any cause [4] . Other independent risk factors, which, to our knowledge, have not been described, were PVD, previous cardiac surgery, the preoperative Hb and CRP levels, perioperative myocardial infarction and the number of blood transfusions. Risk factors described by others that could not be confirmed in this study were EF [6, 15] , preoperative CrCl [4, 6, 15, 19] , preoperative angina class [19] , BMI <20 kg m À2 [4] , the need for IABP [4] , duration of ECC [19] , the number of grafts [6] and female sex [4] . In contrast with other investigators [5] [6] [7] [8] , OPCAB was not superior to CABG in preserving renal function in our study. This is in agreement with the findings of others [3, 4, 10] . The use of aprotinin could have even exaggerated the negative effect of ECC on postoperative renal function [11] . As stated earlier, discrepancies in identified risk factors might at least partly be explained by different definitions of renal dysfunction. Already impaired renal function is mentioned in most studies [4, 6, 15, 19] as a risk factor for developing renal insufficiency after cardiac surgery. This seems logical when renal insufficiency is defined as the need for dialysis or a CrCl of less than 50 ml min À1 . In our study, using a 10% or more deterioration of the preoperative CrCl as an endpoint, we could not identify the preoperative CrCl as an independent risk factor. We also noticed an improvement in the mean value of CrCl in comparison with the preoperative value. Only 10.4% of the whole patient population had postoperative deterioration of CrCl. In the rest of the patients, CrCl either deteriorated with <10% or even improved postoperatively. This can possibly explained by haemodilution that is usually observed in the perioperative period [9] . Some of the risk factors that were identified in this study, for example, diabetes and peripheral vascular disease, cannot be corrected preoperatively. These risk factors can be used for risk stratification and informing the patients. Others, such as preoperative Hb and CRP level and the number of blood transfusions, can be corrected. Further studies are needed to investigate whether measures to correct preoperative Hb and CRP level and avoidance of blood transfusions will lead to better preservation of renal function.
Conclusions
In this retrospective single-centre study of more than 10 000 patients, we could identify the following risk factors for a deterioration of 10% or more of the preoperative CrCl: advanced age, diabetes, COPD, peripheral vascular disease, emergency operation, previous cardiac surgery, low preoperative Hb, high preoperative CRP, perioperative myocardial infarction, re-exploration and the number of blood transfusions.
Limitations of the study
This study had a retrospective design. Some patients were lost to follow up and some data were unobtainable, making results less accurate. The use of intra-operative and postoperative medications that can affect the renal function such as diuretics and inotropic support was not registered.
